Introduction
Mounting evidence links some continental large igneous provinces (LIPs) with major ocean anoxic events or mass extinctions, often marked by climate warming and carbon isotope excursions (Bachan and Payne, 2016; Burgess and Bowring, 2015; Joachimski et al., 2012; Petersen et al., 2016; Schoene et al., 2019) . However, in some cases, such as the Paraná-Etendeka LIP, there are no obvious effects of magmatism on the carbon cycle. Consequently, the precise relationship between LIP magmatism and carbon cycle perturbation remains uncertain.
From measurements of mantle xenoliths, carbonatites, volcanic gases, kimberlite carbonate, and carbon-rich mid-ocean ridge 'popping rocks' (CO2 rich rocks dredged from mid-ocean ridges that 'pop' when they arrive on deck due to decompression), the overall carbon isotope composition of Earth's mantle is thought to be δ 13 C =−6±2‰ (Deines, 2002; Javoy et al., 1986; Javoy and Pineau, 1991; Pineau and Javoy, 1983) . This range of values is too heavy to plausibly explain the observed negative carbon isotope excursions through volcanic outgassing. An isotopically lighter carbon-bearing subpopulation (δ 13 C ≈−20‰) has been identified among mantle rocks and diamonds (Cartigny et al., 2014; Deines, 2002) , raising the possibility of heterogeneous mantle carbon isotope ratios. Indeed, an eclogitic recycled component in the Siberian Traps plume source with δ 13 C≈−12‰ has been invoked to link magmatism with the carbon isotope excursion that marks the onset of the end-Permian mass extinction (Sobolev et al., 2011) . Similarly, light mantle carbon, perhaps mobilized from the mantle lithosphere during emplacement of the Central Atlantic Magmatic Province, has been hypothesized to explain carbon isotope records during the end-Triassic (Paris et al., 2012) . Alternative hypotheses to explain carbon isotope excursions linked to volcanism involve release of light carbon from metamorphism of carbon-bearing sedimentary rocks or from clathrate dissociation triggered by volcanogenic warming (Black et al., 2018; Gutjahr et al., 2017; Heimdal et al., 2018; ). Determining the carbon isotope composition of large igneous province outgassing is thus central to understanding the source of the carbon that caused carbon isotope excursions and that may have played a key role in perturbing ecosystems during some emplacement of some LIPs. However, because magmatic degassing strongly fractionates carbon isotope ratios (e.g. Gerlach and Taylor, 1990) , and because carbon saturation and degassing can begin deep in the magmatic system (Black and Manga, 2017; Karlstrom and Richards, 2011) , the carbon isotopic composition of flood basalt magmas has remained conjectural (Saunders, 2016) .
Highly carbonate-rich igneous rocks known as carbonatites offer a window onto the isotopic composition of carbon from large igneous provinces. Carbonatites from rift settings have been used to assess mantle carbon isotope systematics (Deines and Gold, 1973; Javoy et al., 1986) . Carbonatites also occur in association with many LIPs -perhaps due to low-degree melting beneath or within thick continental lithosphere -though their relationship with the petrogenesis and emplacement of the basaltic lavas remains uncertain (e.g. Bell and Tilton, 2002; Black and Gibson, 2019; Gibson et al., 2006) . Perhaps most importantly, unlike in silicate melts, the majority of carbon in carbonatites crystallizes as carbonate minerals rather than degassing, reducing susceptibility to carbon isotope fractionation due to degassing. However, a major challenge to interpreting data from carbonatites is their susceptibility to alteration. Alkali carbonatites from Tanzania exposed to weathering for only a few weeks can show marked shifts to higher δ 18 O, with accompanying changes in δ 13 C (Keller and Hoefs, 1995) .
Here we assemble carbon and oxygen isotope data from carbonatites to infer the carbon isotope composition of the magmas of three different LIPs. Both Deccan Traps and Siberian Traps magmatism overlapped in time with major mass extinctions (the 66 Ma end-Cretaceous mass extinction and the 252 Ma end-Permian mass extinction, respectively), though the relative importance of the Chicxulub impact and Deccan volcanism for the end-Cretaceous mass extinction remains the subject of debate (e.g. Henehan et al., 2019; Schoene et al., 2019; Sprain et al., 2019) . Siberian Traps magmatism also coincided with a large negative carbon isotope excursion (Burgess and Bowring, 2015) . While Paraná-Etendeka magmatism did not coincide with a mass extinction, it has been linked with the Valaginian oceanic anoxic event and associated positive carbon isotope excursion (Erba et al., 2004) . We use carbonatite δ 13 C systematics from these provinces to assess the carbon isotope composition of LIP magmas and to constrain the roles of mantle and lithospheric carbon reservoirs in surface carbon cycle disruption.
Geologic Setting

Large Igneous Provinces
LIPs are voluminous provinces consisting mainly of thick successions of flood basalts emplaced during individual eruptive episodes over ~10 5 -10 6 years. They occur in intraplate settings and can encompass several million cubic kilometers of lava and associated intrusive bodies (Courtillot and Renne, 2003) . LIPs are widely regarded to be the product of the upwelling of deep-sourced mantle plumes (White and McKenzie, 1995) . Melt is produced during decompression and rifting when a high-temperature plume impinges on the base of the lithosphere. Carbon released by a continental LIP can originate in three main reservoirs (Black and Gibson, 2019) :
-The convecting mantle: Carbon dioxide in the convecting mantle is highly incompatible and partitions almost entirely into the melt phase.
-The subcontinental lithospheric mantle: This is thought to be a vast store for carbon that has accumulated and been enriched by infiltration of carbon-rich melts. Remobilization of this stored carbon may be triggered by the passage of a mantle plume (Foley and Fischer, 2017) .
-Crustal rocks: Sedimentary rocks, such as carbonates and evaporites, are significant sources of carbon. Depending on the country rock lithology, the amount of carbon degassed by contact metamorphism during LIP emplacement may be more voluminous than that degassed from the magma (Ganino and Arndt, 2009 ).
Major perturbations of the carbon cycle are often coincident with LIPs. Strong global warming, spikes in atmospheric pCO2, ocean acidification, and negative carbon isotope excursions occurring at the time of LIP volcanism are the strongest lines of evidence for a link to climate change (though not all are associated with every LIP) (Black and Gibson, 2019) .
Carbon isotope excursions
The isotopes of carbon have the same number of protons but different numbers of neutrons, resulting in different atomic weights. Of the three naturally occurring carbon isotopes, 12 C and 13 C are stable, while 14 C is a radioactive isotope that decays to 14 N (and is used in the radiometric dating of biological material). The ratio of "heavy" 13 C to "light" 12 C in a given substance is reported relative to a standard reference, by convention, the Vienna Peedee Belemnite (VPDB)originally a fossilized shell collected from South Carolina. Carbon isotope ratios are expressed using the delta (δ) notation in parts per thousand and derived from the following equation: δ 13 C = ( 13 C/ 12 C) − ( 13 C/ 12 C) ( 13 C/ 12 C) Differences in the isotope ratio of various substances is the result of fractionation, a process that partitions isotopes between two interacting pools of carbon. For example, a plant producing organic matter will preferentially use the lighter 12 C isotopes it gathers from the atmosphere, (negligibly) enriching the atmosphere in 13 C and creating matter with a relatively light ( 13 C depleted) carbon isotope composition.
On geologic timescales, the ocean and atmosphere behave as a single carbon reservoir because of the continuous contact and exchange between them. When there is a change in the flux of carbon into the atmosphere (e.g. increased volcanic outgassing), that change will propagate through the oceanic dissolved inorganic carbon (DIC) pool. Changes in the carbon isotope composition of the ocean are recorded in the carbonate and organic matter of marine sediments. The carbon isotope record is generally stable, but high-amplitude excursions occur (up to 8‰), particularly during major extinction intervals and LIP magmatism (Schobben et al., 2019) . Negative isotope excursions are thought to correspond to a large influx of isotopically light carbon (Black and Gibson, 2019) .
The Guli massif (Siberian Traps), the Deccan Traps, and Paraná-Etendeka Traps
The carbonatite-bearing Guli complex is among the largest alkaline-ultramafic intrusive complexes in the world (Egorov, 1970; Yegorov, 1989) , although it represents a tiny fraction of the volume of the Siberian Traps ( Figure 1A) , which emplaced an estimated 7-15 x 10 6 km 3 magma as intrusions in the lithosphere and as extrusive lavas (Saunders, 2016) . The main phase of Siberian Traps magmatism spanned < 1 Myr, with the oldest volcanic rocks dated at 252.27±0.011 Ma (Burgess and Bowring, 2015) . Baddeleyite in the Guli carbonatites has been dated at 250.2 ± 0.3 Ma (Figure 2 ; Kamo et al., 2003) , marking the youngest dated Siberian Traps rocks in the region, though direct comparison of this age with those in Burgess and Bowring, (2015) requires caution because the former predates the EARTHTIME initiative (Condon et al., 2015) . The Guli is exposed across an area spanning approximately 40 x 50 km (Figure 1B) . Along with the Odikhincha, Kugda, and Bor-Kuryakh massifs, it is one of several alkaline-ultramafic intrusions within the broader Maymecha-Kotuy province of the Siberian Traps (Kogarko and Zartman, 2006; Vasil'Ev and Gora, 2012) . These intrusions are thought to represent the final stages of Siberian magmatism. These carbonatites crosscut dunite, pyroxenite, and alkaline rocks within the crescent-shaped Guli pluton (Kogarko and Zartman, 2006; Yegorov, 1989) . The petrogenesis of the Guli and other Siberian ultramafic massifs is enigmatic.
Early workers proposed the Guli complex was emplaced in a sequence of intruding phases (Egorov, 1970; Epshteyn and Anikeyeva, 1965) , consisting of dunites, alkaline ultramafic rocks, nephelinitic basaltic rocks, alkaline syenites, and carbonatites. Fedorenko and Czamanske (1997) argued that the Guli encompasses both intrusive and extrusive rocks. Proposed mechanisms for magma genesis include fractionation from LIP magma bodies (Simonov et al., 2016) or diapiric emplacement from mantle depths, possibly driven by the buoyancy of volatile-rich components (Burg et al., 2009; Lazarenkov and Landa, 1992) .
The Deccan Traps large igneous province, located in western India, currently occupies 500,000 km 3 and had an original eruptive volume of approximately 1.3 x 10 6 km 3 (Jay and Widdowson, 2008) . The main phase of the eruptions lasted over 750,000 years, predating the Cretaceous-Paleogene boundary (ca. 66 Mya) by 250,000 years . The end-Cretaceous mass extinction was one of the largest and is famous for wiping out all nonavian dinosaurs. The Deccan Traps also temporally overlap the Chicxulub crater in the Yucatan Peninsula of Mexico, which has been proposed as the mechanism for the mass extinction at this transition (e.g. Schulte et al., 2010) , however, there is evidence for ecological deterioration preceding the impact event (e.g. Wilson, 2014) . The end-Cretaceous mass extinction is marked by negative carbon isotope excursions of 1-2‰ (e.g. Punekar et al., 2016) . As in the Siberian Traps, carbonatite complexes in the Deccan Traps (and Paraná-Etendeka Traps) commonly occur in association with alkaline magmas such as lamprophyres, nephelinities, or syenites (e.g. Le Roex and Lanyon, 1998 and Ramesh, 1999a) . Well-documented carbonatite complexes include the Amba Dongar, Mundwara, and Sarnu-Dandali provinces (e.g. Ray and Ramesh, 1999a; Simonetti et al., 1995; Srivastava, 1997; Viladkar and Schidlowski, 2000) . The origin of these complexes has been linked with nearby rift systems (e.g. Ray and Ramesh, 1999a) . While available geochronology is uncertain, emplacement of Deccan carbonatites is thought to both precede and follow the main stage of the Deccan volcanism (Ernst and Bell, 2010) . Gibson et al. (2006) found a similar age distribution of alkaline magmatism within the ~135 Ma Paraná-Etendeka Traps in South America and southwest Africa. They comprise a large igneous province with an original volume in excess of 2.3 x 10 6 km 3 (Courtillot and Renne, 2003) . A substantial amount of this volume erupted approximately 135-134 Mya (Baksi, 2018) , predating the Jurassic-Cretaceous boundary by ~10 Mya. It is the only major LIP that has not been correlated with a mass extinction (Courtillot and Renne, 2003) , but the increase in atmospheric CO2 caused by the emplacement of the Paraná-Etendeka Traps may have been responsible for the Valanginian event: a global perturbation of the carbon cycle marked by an oceanic anoxic event and a positive isotope excursion of ~2‰ (e.g. Erba et al., 2004) .
Methods
Samples from the Guli alkaline ultramafic massif (Figures 3 and 4) were collected during
field work in the summer of 2008. Two subsamples were taken from each Guli carbonatite to test for heterogeneity due to alteration. Sample chips were pulverized in a shatterbox. Carbon and oxygen isotope compositions were determined using the H3PO4 digestion method in a Kiel IV Carbonate Device. 18 O/ 16 O and 13 C/ 12 C ratios were measured against a NBS19 standard, using a Delta V plus mass spectrometer at the Lamont-Doherty Earth Observatory in New York. Each subsample was analyzed two to four times to assess reproducibility and heterogeneity. δ 18 O values recorded relative to VPBD were converted to values relative to SMOW (standard mean ocean water) and will be reported this way henceforth. Major and trace element data were also collected at Activation Laboratories for 14 Guli carbonatite samples using inductively couple plasma optical emission spectrometry for major elements and fusion inductively coupled plasma mass spectrometry for trace elements. Total FeO was determined by titration. Carbon and sulfur
were measured with an induction furnace coupled to infrared sensors. 261 additional LIP carbonatite carbon and oxygen isotope ratios from the Deccan Traps and Paraná-Etendeka were compiled from the Geochemistry of Rocks of the Oceans and Continents (GEOROC) database (Table 1) . Carbonatites from each of these provinces have been the subject of detailed study (Alberti et al., 1999; Comin-Chiaramonti et al., 2002; Haynes et al., 2002; Le Roex and Lanyon, 1998; Morikiyo et al., 1990; Ray and Ramesh, 1999a; Ruberti et al., 2002; Santos and Clayton, 1995; Simonetti et al., 1995; Srivastava, 1997; Toyoda et al., 1994; Viladkar and Schidlowski, 2000) . We also compare the data from carbonatites with data from a global database of diamond δ 13 C compiled by Cartigny et al. (2014) , and canonical mantle values (Bindeman, 2008; Pineau and Javoy, 1983 ) ( Figure 5 ).
To track carbon isotope evolution in a hypothetical open-system LIP magma chamber undergoing simultaneous recharge and crystallization with periodic eruptions, we adapted an existing geochemical model (Lee et al., 2014) . For a given magma chamber and recharge composition, the model tracks changes in melt composition based on partitioning between melt, fractionating crystal assemblage, and an exsolved volatile phase (Lee et al., 2014) . Eruptions take place for a given mass change ΔMch relative to the initial chamber mass (in this case we assume a critical mass change of 10% for eruption, but the results are not strongly sensitive to this assumption). Carbon isotope evolution of the melt and exsolved phase at each model step is calculated with a mass-balance approach. The δ 13 Cmelt and δ 13 Cfluid are related by a fluid-melt fractionation factor, Δfluid-melt, here assumed to be ~4.25‰ (Gerlach and Taylor, 1990; Javoy et al., 1978) , which implies that melt is in equilibrium with fluids or vapors with δ 13 C about 4‰ heavier than that of the melt. At each step n, we calculate changes in δ 13 C due to magma mixing and degassing separately. Assuming recharge mass of dMre with carbon isotope composition δ 13 Cre=-5 and carbon concentration Cre, the carbon isotope ratios of the replenished but not degassed melt is the mass-weighted average of the δ 13 C of recharge and the δ 13 C of the carbon dissolved in the magma in the magma chamber from the preceding step, 
Results
Available δ 13 C values from LIP carbonatites ranges from -12.2 to +4.8‰. As shown in Figure 5 , the distribution of LIP carbonatite δ 13 C values lacks the 'negative tail' observed in δ 13 C measured in diamonds (e.g. Cartigny et al., 2014) . LIP carbonatites closely fit canonical mantle δ 13 C values, with the majority plotting within the depleted mantle range (-8 to -4‰) and very few lighter than -8.50‰. Guli carbonatites had a mean δ 13 C of -3.37 ± 0.98‰; and a mean δ 18 O of +10.12 ± 3.38‰. This compares to a mean δ 13 C of -4.40 ± 2.06‰; and a mean δ 18 O of +12.34 ± 5.14‰) for all available carbonatites from LIPs. We performed a one-way ANOVA and Tukey-Kramer post hoc test, despite the heterogeneity of variance and non-normal distribution of our data, and found that there was a statistically significant difference between the Paraná-Etendeka mean δ 13 C and those of the other two LIPs (p = 0.05; Figure 6 ). We also performed a Welch's ANOVA and Games-Howell test which indicated that the mean δ 13 C of all three groups are statistically significantly different (p = 0.05). Both these post hoc test results must be considered with the caveat that all Siberian Traps data comes from a single site.
Guli δ 18 O and δ 13 C show a moderate positive correlation (R=0.66). Deccan and Paraná-Etendeka data have a weak positive correlation (R=0.23 and R=0.29 respectively), possibly due to the variability of many sites sampled across each province. δ 18 O data from all three LIPs span a range of values much broader than their δ 13 C ranges. The oxygen isotope composition of Earth's mantle is δ 18 O = +5.5 ‰ (e.g. Mattey et al., 1994) . The primary igneous carbonatite oxygen isotope range may reach more positive values than this due to fractionation during low degree melting (Eiler, 2001) , yielding δ 18 O ≈ 5.5-8.5 ‰ (Keller and Hoefs, 1995) .
Rare earth elements (REEs) are typically strongly enriched in carbonatites. This enrichment has been attributed to very small degrees of partial melting (e.g Bell and Tilton, 2002; Gibson et al., 2006) or enrichment during carbonatite-silicate liquid immiscibility (e.g. Weidendorfer et al., 2017) . REE concentrations from the Guli carbonatites range across an order of magnitude ( Figure 7A ). The Guli massif includes two main carbonatite complexes (Figures 1   and 4) . Carbonatites from the southern complex ( Figure 7B) 
Discussion
The fidelity of carbonatites and their relationship with other LIP magmas
The relationship between carbonatite δ 13 C data and the broader story of LIP carbon depends on the reliability of carbonatites as carbon isotope records and on the relationship between the petrogenesis of carbonatites and that of other LIP magmas. an open question. In general, LIP carbonatites are thought to originate through a multi-stage process involving very low-degree melting followed by liquid immiscibility in a carbonated silicate melt and finally crystallization in the resulting carbonatite magma (e.g. Bell and Tilton, 2002; Gibson et al., 2006; Ray et al., 2000; Weidendorfer et al., 2017) . If low-degree melting takes place on the margins of an impinging plume head, or if carbon in low-degree melts exchanges with the higher-degree melts that are parental to tholeiitic magmas, carbonatites may be representative of LIP carbon in a broad sense. On the other hand, if carbonatites originate through low degree melting of the mantle lithosphere (e.g. Gibson et al., 2006) , they may be isolated from the main LIP plumbing system. In this case they could only reveal information about carbon from the mantle lithosphere. This latter possibility would nevertheless be important owing to the status of the subcontinental mantle lithosphere as a major potential reservoir of carbon that could be tapped during LIP magmatism (e.g. Black and Gibson, 2019; Foley and Fischer, 2017) .
The evolution of carbon in the mantle lithosphere on geologic timescales
Estimates of the carbon content of the subcontinental mantle lithosphere (SCLM) range from average concentration of <700 ppm C to several weight percent in the lowermost SCLM (Foley and Fischer, 2017; Lee et al., 2019) , which is one to four orders of magnitude higher than the C contents of the convecting mantle (Dasgupta and Hirschmann, 2010; Tucker et al., 2019) .
SCLM carbon is thought to accumulate on billion-year timescales through fluxing and freezing of metasomatic fluids. Mantle plumes have been hypothesized to be a major source of the fluids that build the SCLM reservoir (Foley, 2008; Foley and Fischer, 2017) . Guex et al. (2016) also
proposed that LIP magmatism serves as a mechanism for disruption of the SCLM and release of SCLM volatiles.
The carbon isotope composition of a hypothesized SCLM carbon reservoir remains an
important open question. To investigate the expected carbon isotope composition of the fluids contributed during plume-related melting, we employ a magma chamber model (Lee et al., 2014) that has been adapted to track magmatic and exsolved carbon isotopes in continuously recharging, erupting, and crystallizing magma chambers. This scenario is based on the expectation that deep LIP magma chambers are long-lived, open-system reservoirs (e.g. Black and Manga, 2017; Cox, 1980; Heinonen et al., 2019 ). Our geochemical model shows that in this scenario the δ 13 C of exsolved fluids and vapors is several per mil heavier than that of the parental melt, consistent with the distribution of LIP carbonatite δ 13 C presented here. We calculate that the δ 13 C of fluids exsolved from a carbon-saturated open-system magma chamber range from -1 to -5 ‰ for a primary melt δ 13 C = -5 ( Figure 8 ). This range represents the δ 13 C ratio of fluids available to flux the mantle lithosphere. Consequently, if SCLM carbon derives from partial degassing of mantle melts, it would tend to be slightly isotopically heavier than the mantle source. Similarly, partially degassed basaltic magmas that freeze as eclogites at Moho depths would be expected to retain fractionated, slightly light δ 13 C ratios relative to the mantle source ( Figure 8 ).
The distribution of LIP carbonatite δ 13 C ratios extends to -1 ‰ for the Siberian Traps and +1 ‰ for the Deccan Traps and Parana-Etendeka (excluding a single outlier). The presence of carbonatites with δ 13 C ratios more positive than MORB has been reported previously, and has been attributed to fractionation of calcite from a carbonatite melt in equilibrium with CO2 and H2O fluids (Ray and Ramesh, 1999b) . If carbonatites derive from melting of the mantle lithosphere, this distribution is also consistent with the presence of a component of SCLM carbon that is slightly heavier isotopically than the depleted mantle. Alternatively, if LIP carbonatites originate through fractionation in LIP-scale magma chambers, they may represent direct samples of the metasomatic fluids that flux the lithosphere during LIP activity. In either case, our modeling and carbonatite δ 13 C ratios raise the possibility of a SCLM carbon reservoir that is slightly (several ‰) heavier than that of the convecting upper mantle. This hypothesis is in agreement with observed slightly heavier δ 13 C ratios from the East African Rift (Fischer et al., 2009) 
Carbonatite outgassing and broader implications of LIP outgassing for carbon isotope excursions
Paraná-Etendeka carbonatites carry mean δ 13 C that is subtly but significantly (see Section 4 above) lighter than Deccan and Siberian carbonatites. One possible reason for this provinceto-province difference in δ 13 C relates to the heterogeneities in the mantle lithosphere underlying each LIP. In Section 5.2, we suggested that through time the SCLM may develop slightly heavier δ 13 C than that of the convecting mantle. The lithospheric mantle beneath the Paraná-Etendeka LIP is Proterozoic to Cenozoic in age, in contrast with the Archean lithosphere beneath the Siberian Traps and Deccan Traps (Guex et al., 2016) . Ray and Pande, (1999) suggested that rapid release of CO2 from Deccan carbonatites and associated alkaline rocks could have played a role in the end-Cretaceous mass extinction. Both the timing and the size of the Guli complex suggest that in itself it did not play a major role in end-Permian carbon cycle disruption. Based on the available U-Pb dates, emplacement of the Guli postdated the main end-Permian carbon isotope excursion by ~ 2 Myr (Figure 2 ). The exposed areas of the northern and southern Guli carbonatite stocks are ~3 km 2 and ~5 km 2 respectively (Yegorov, 1989) . Assuming these stocks have similar vertical and horizontal extents implies a total volume of ~10 km 3 . Even allowing for the very high CO2 contents of these magmas (~40%), 10% degassing yields a small fraction of the CO2 available from the tholeiitic magmas. On the other hand, the volume of alkaline Siberian Traps rocks is larger by several orders of magnitude (e.g. Fedorenko and Czamanske, 1997) , and the volume of these rocks may be decoupled from their carbon degassing potential (e.g. Black and Gibson, 2019) . (Cui et al., 2013; Payne and Kump, 2007) . Instead, injection of light carbon from crustal or surface reservoirs (e.g. Ganino and Arndt, 2009) , or shifts in the surface-to-deep ocean carbon isotope balance (e.g. Meyer et al., 2011) , are the most plausible explanations for such excursions.
Conclusions
Constraints on the magnitude, tempo, and isotopic composition of carbon release are central to understanding the environmental and geochemical consequences of large igneous province magmatism (e.g. Black et al., 2018; Saunders, 2016) . However, degassing obscures magmatic carbon systematics. While the δ 13 C of the depleted upper mantle is well-established as δ 13 C =−6±2 (Deines, 2002; Javoy et al., 1986; Javoy and Pineau, 1991; Pineau and Javoy, 1983) , the δ 13 C of LIP magmas has remained the subject of conjecture (e.g. Bachan and Payne, 2016; Paris et al., 2012; Sobolev et al., 2011) . We combine new data from Siberian Traps carbonatites from the Guli Massif with literature data from carbonatite complexes associated with the Deccan and Paraná-Etendeka Traps. These LIP carbonatite data yield a mean δ 13 C = -4.40±2.06‰, squarely in line with canonical mantle values. Because this value is close to the bulk δ 13 C of the ocean-atmosphere system, an exceptionally large and rapid release of mantle carbon would be required to significantly impact marine carbon isotope records.
We therefore infer that injection of mantle carbon to the ocean-atmosphere system during LIP emplacement is not a viable trigger for major carbon isotope excursions like those that marked the end-Permian, end-Triassic, and Paleocene-Eocene extinction events. By elimination, these isotope excursions likely resulted from shifts in marine carbon isotope gradients and burial of organic matter (e.g. Meyer et al., 2011) or liberation of light carbon from crustal organic material, coal, or clathrates (e.g. Gutjahr et al., 2017; Heimdal et al., 2018) . Outgassing of mantle carbon by LIPs has been proposed as a major driver of coeval climate warming (e.g. Joachimski et al., 2012) . Carbonatite records of δ 13 C do not exclude this scenario. Rather, if mantle carbon was a primary driver of climate warming during events like the Siberian Traps, Central Atlantic Magmatic Province, and North Atlantic Igneous Province (Gutjahr et al., 2018) , an additional light carbon source is required to explain coincident carbon isotope excursions. We assume a fluid-melt carbon isotope fractionation factor of +4.25‰ (Gerlach and Taylor, 1990; Javoy et al., 1978) B. For comparison, the overall distribution of δ 13 C in carbonatites from the Siberian Traps, Deccan Traps, and Paraná-Etendeka Traps. C. An eruption is assumed to take place when the chamber mass increases by 10%. During each eruption we assume that all exsolved CO2 is released.
